Background: Esophageal squamous cell carcinoma (ESCC) is one of the most aggressive tumor types worldwide, and malnutrition prevails in these patients. However, there is no preoperative nutritional assessment tool specifically designed for patients with ESCC. Methods: Patients who received esophagectomy from 2004 to 2016 were consecutively included. The preoperative nutritional risk factors for ESCC were screened by univariate and multivariate Cox regression analysis to construct a new nutritional scoring tool. A prognostic model of ESCC based on the new scoring tool was further proposed. Results: A total of 510 ESCC patients were enrolled. A novel BLUT (BMI-lymphocyte-uric acid-triglyceride) scoring tool based on BMI, lymphocyte count, uric acid level, and triglyceride level was proposed, which could effectively predict the prognosis of ESCC patients (log rank P<0.001), and it was better than the traditional nutritional assessment tools. The C-index and 95% confidence interval (CI) of the nomogram based on the BLUT scoring tool was 0.735(0.698-0.772). It had good prognostic efficacy and was significantly better than the model based on T stage and N stage (P=0.038). The calibration curve of internal and external validation suggested a good fitting effect with the real situation in judging the 1-year, 3-year, and 5-year survival status. Conclusions: The BULT scoring tool could distinguish the heterogeneity of preoperative nutritional status and the BLUT-based nomogram had good prognostic performance for ESCC patients.
Introduction
Esophageal cancer is one of the most aggressive cancer types in China (1) and across the world (2) , and esophageal squamous cell carcinoma (ESCC) is the most common pathological subtype. As the development of preoperative new adjuvant therapy, postoperative adjuvant therapy and enhanced recovery after surgery (ERAS), the surgery-based comprehensive treatment model has improved the prognosis of esophageal cancer in the past decades (3, 4) . However, the 5-year survival rate was still not satisfied, which only ranged from 15% to 25% (5) . It has been reported that weight loss, malnutrition and cachexia prevailed in most patients with esophageal cancer (6) . Malnutrition could impact the short-term and long-term clinical outcomes of esophageal cancer patients, such as surgical complications and poor survival (7) . Thus, nutritional management plays an important role in the treatment process (8) .
Nutritional screening and assessment are indispensable to guide rational nutritional treatment. Nutrition risk screening (NRS 2002) was the first international evidence-based nutritional screening
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International Publisher tool (9) . Since the 1970s, many nutritional assessment tools emerged, such as the patient generated-subjective global assessment (PG-SGA) tool (10) , mini nutritional assessment (MNA) tool (11) and malnutrition universal screening tool (MUST) (12) . However, these tools were limited to their inevitable subjective assessments. By contrast, nutritional assessment tools based on objective indexes could reflect the nutritional status more accurately, such as the prognostic nutritional index (PNI) (13) , controlling nutritional status (CONUT) (14) , and geriatric nutritional risk index (GNRI) (15) and so on.
So far, there is no preoperative nutritional assessment tool specifically designed for ESCC patients. Therefore, we designed a retrospective study to propose a novel nutritional scoring tool and a prognostic nomogram for ESCC patients.
Materials and methods

Study population
Patients who received esophagectomy from Jan. 1 st , 2004 to Dec. 31, 2016 in the Department of Thoracic Surgery, the First Affiliated Hospital, Zhejiang University School of Medicine were consecutively included. The clinical and pathological information of these patients were collected. The inclusion and exclusion criteria were as follow: (1) more than 18 years old; (2) pathologically diagnosed as ESCC; (3) had no history of other malignancies; (4) had complete preoperative laboratory test information and height and weight information. The pathological staging of the tumor was conducted according to the American Joint Commission on Cancer/Union for International Cancer Control (AJCC/UICC 8 th version) tumor-node-metastasis (TNM) staging manuals (16) . All patients were enrolled with written informed consent under institutional review board-approved protocols of the First Affiliated Hospital, Zhejiang University School of Medicine. This study was performed in accordance with the principles of Declaration of Helsinki.
The follow-up information was collected from the outpatient clinical system, as well as the regular telephone follow-up. The last follow-up time was January 2018. The follow-up time ranged from 1.9 months to 134.0 months, and the mean follow-up time was 35.1 months.
Statistically analysis
The cohort was randomly divided into the training set and validation set in ratio 4:1 by SPSS software and the initial seed was 20180101. The cut-off values of continuous variables were determined by the X-tile software (http://www.tissuearray.org/ rimmlab) and by the minimal P value approach (17).
Univariate and multivariate Cox regression analyses were conducted to screen potential risk indexes for ESCC, and the results were shown in the form of hazard ratios (HRs) and their 95% confidence intervals (CIs). The survival difference was assessed by the log rank tests and Kaplan-Meier curves. A new nutritional scoring tool was proposed, and the indexes were selected for both statistical and clinical consideration (18) . A nutritional tool-based nomogram was further constructed. Harrell's concordance index (C-index), which ranged from 0.5 (denotes random splitting) to 1.0 (perfect prediction), was adopted to assess the discrimination efficacy (19) . Besides, bootstrap technique with 1000 repetitions was used for internal and external validation and to calculate the 95% CIs (18, 20) . Akaike information criterion (AIC) was used to assess the predictive efficacy, and smaller AIC values represent more accurate prognostic stratification (21) . The detail definition of PNI, GNRI and CONUT assessment tools was shown in the Supplementary Methods.
All analyses were conducted using the SPSS 22.0 software (IBM SPSS Inc. United States), and R software version 3.2.2 (The R Foundation for Statistical Computing) with the rms, survival and hmisc statistical packages. Statistical significance was set at P < 0.05 (All P values presented were 2-sided).
Results
Characteristics of included patients
A total of 510 ESCC patients were enrolled in this study and there were 408 cases of training set and 102 cases of validation set. The baseline characteristics of included cases were shown in Table 1 . The training set was selected to construct a new scoring tool, and the validation set was selected to test the prognostic model. Continuous variables were converted to categorical variables by X-tile software, as shown in Supplementary Figure 1. For both statistical and clinical consideration, the indexes which were selected in the scoring tool had to meet the following criteria: (1) it should be statistically significant at least in the univariate Cox regression analysis; (2) it could reflect the patients' nutritional or metabolic status. Finally, BMI, lymphocyte count, uric acid level, and triglyceride level were selected to construct a new BLUT (BMI-lymphocyte-uric acid-triglyceride) nutritional assessment tool.
Indexes
Definition and simplification of BLUT nutritional assessment tool
The weight of each index was assessed by the Cox regression model, which was based on the visualization of a nomogram, as shown in Figure 1A and Table 3 . Indexes were given different risk scores and divided into the positive risk and negative risk categories. According to the weight scores of the four indexes, each patient was given a total score and a Kaplan-Meier curve was conducted, as shown in Supplementary Figure 2 . The log rank test suggested the BLUT tool had significant prognostic performance in ESCC patients (P=0.049). However, this tool was complicated in this form and lacked of clinical practicability.
Thus, a simplified definition of BLUT tool was proposed based on the number of indexes in positive risk category, as shown in Table 4 . If there was no index in the positive risk category, it was defined as normal. If there was 1 index, or there were 2 indexes or ≥3 indexes in the positive risk category, it was defined as low, moderate and high malnutrition risk, respectively. The Kaplan-Meier curve of the simplified tool was shown in Figure 1B , with a log rank P value <0.001. Subgroup analysis was further conducted in those patients with positive lymph nodes and BLUT showed significant prognostic value for those receiving post-surgery treatment, as shown in the Supplementary Table 1 and Supplementary  Figure 3 . 
Comparison of PNI, GNRI, CONUT and BLUT assessment tools
The prognostic efficacy of PNI, GNRI, CONUT and BLUT assessment tools in ESCC patients was compared, as shown in Figure 2 and Table 5 . The cut-off value of PNI was defined by the X-tile analysis, as shown in the Supplementary Figure 4 . The log rank P values of PNI, CONUT and GNRI were 0.153, 0.098 and 0.174, respectively, indicating limited prognostic performance. The univariate analysis indicated that BLUT was significantly associated with the prognosis of ESCC (P<0.001). In addition, the multivariate Cox regression analysis also suggested that BLUT was an independent prognostic factor for ESCC patients (P=0.003), as shown in Table 6 . Compared with PNI, CONUT and GNRI, the BLUT assessment tool had more rational population distribution in different malnutrition risk categories, and also suggested better predictive accuracy. 
A clinical nomogram based on preoperative nutritional assessment
In order to further analyze the prognostic value of the BLUT tool and to build a precise nutritional assessment-based model, a clinical nomogram based on gender, T stage, N stage and the BLUT tool was proposed, as shown in Figure 3A . The nomogram suggested good prognostic performance in both training set (log rank P<0.001) and validation set (log rank P=0.024), as shown in Figure 3B and 3C. The C-index and 95% CI of the nomogram was 0.735(0.698-0.772), and the AIC value was 1864.76. It had good prognostic efficacy and was significantly better than the model based on T stage and N stage (P=0.038), as shown in Table 7 . Compared with other nutritional assessment based model, BLUT based nomogram had the highest C-index and the smallest AIC value, which further indicated that BLUT tool based model had more accurate discriminatory utility. The calibration curve of internal validation suggested that the BLUT based model had a high degree of similarity with the real situation in judging the 1-year, 3-year, and 5-year survival status, as shown in Supplementary Figure 5A , 5B and 5C. The external validation results also suggested good fitting effect (Supplementary Figure 5D , 5E and 5F), indicating that the BLUT score based ESCC prognosis model could be applied to other population cohorts. 
Discussion
The study proposed a new BLUT nutritional assessment tool by rigorous index selection and tool simplification, and also compared the prognostic performance between BLUT tool and traditional nutritional assessment tools, including PNI, CONUT and GNRI. In addition, a BLUT-based clinical nomogram was further proposed, which was significantly better than the T stage and N stage based model.
The prognostic value of PNI (log rank P=0.153), CONUT (log rank P=0.098) and GNRI (log rank P=0.174) in ESCC patients was limited. In contrast, BLUT assessment tool was an independent prognostic factor for ESCC patients, which had more rational population distribution in different malnutrition risk categories and better predictive accuracy. Besides, the simplification process enabled BLUT as a simple, convenient and efficient nutritional assessment tool, which could be easily applied in clinical practice.
Clinicians could quickly distinguish the preoperative malnutrition risk of ESCC patients by counting the number of indexes in positive risk intervals. On the other hand, a nutritional tool based clinical nomogram could help clinicians precisely predict the prognosis of ESCC patients. The complementarity of the two aspects can help to make quick and accurate clinical decisions.
PNI tool was firstly proposed by Onodera et al. (13) in 1984, which was based on 189 digestive tract cancer patients with malnutrition and received parenteral nutrition treatment. Although several studies have proved that PNI could predict the prognosis of ESCC patients who received surgery (22) (23) (24) , it should be noted that the cut-off value of PNI was controversial (24) and its independent prognostic role in ESCC patients was not determined (22) . CONUT was proposed by Ignacio et al. (14) , which included 53 patients from various clinical departments in the hospital. Toyokawa et al. (25) conducted a retrospective study based on 185 resectable thoracic ESCC patients and proved its independent prognostic value. However, the sample size of high-CONUT group and low-CONUT group was 17 and 168, respectively. Yoshida et al. (26, 27) suggested CONUT could be used to predict postoperative morbidity and long term survival of ESCC patients. The imbalanced population distribution in each category also emerged, with only 22 of total 373 cases in the moderate and severe risk category. GNRI was proposed by Yamada et al. (28) , and the target population was 422 patients receiving continuous hemodialysis. This tool was popularized to 181 elderly hospitalized elderly people (age>65 years old) by Bouillanne et al. (15) . It has been reported by Bo et al. (29) that GNRI was an independent prognostic factor for overall survival in elderly ESCC patients with radiotherapy. However, there is no study focusing on the prognostic value of GNRI in preoperative ESCC patients without age restriction. PNI, CONUT and GNRI had a common index of albumin level, while most of the preoperative ESCC patients included in the current study had a normal range of albumin level. 97.6% of the training set population had a normal range (35-55g/L), as shown in Supplementary Figure 6 . The prognostic value of the albumin based scoring tool might be limited under this circumstance. Furthermore, in the univariate Cox analysis, the HRs and 95% Cis for Mckeown approach and Ivor-Lewis approach were 0.491(0.281-0.860) and 0.353(0.632-1.178) compared with Sweet approach, while there were no statistically significant results for these surgical approaches in the multivariate analysis. Many previous studies tried to find the optimal surgical approach for esophageal cancer, however, there was no definite conclusion for this question (30) .
The current BLUT assessment tool adopted BMI, lymphocyte, uric acid and triglyceride as indexes, taking both general condition of the patients and laboratory tests into account. It has been reported that higher BMI was a protective factor for esophageal cancer (31, 32) . Lymphocyte is one of the most commonly used nutritional markers (13, 14) and its metabolism and behavior could be impacted by nutritional status (33, 34) . Besides, lymphopenia is an independent prognostic factor for ESCC patients (35) . The association between uric acid and tumor was controversial. Kuhn et al. (36) reported there was a negative association between uric acid and cancer mortality. There were few studies on the relationship between preoperative triglyceride level and prognosis of ESCC, but it was proved as a protective factor in breast cancer patients (37) . More well-designed prospective studies with large sample size were warranted in the future to further prove the prognostic role of uric acid and triglyceride in ESCC patients with surgery.
This single-center retrospective study also had some limitations. The BLUT tool was only applicable to ESCC patients who received cancer-directed surgery. The applicability was not yet clear for advanced stage patients who cannot undergo surgery, and for patients who received neoadjuvant therapy before surgery and the laboratory tests were severely impacted. In addition, more researches are required to further confirm whether the scoring system is suitable for continuous monitoring of nutritional status after surgery.
Conclusion
The BULT scoring tool could distinguish the heterogeneity of preoperative nutritional status for ESCC patients, especially for those with normal albumin level. Besides, the BLUT-based nomogram had good prognostic efficacy.
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